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(57) ABSTRACT

Disclosed are: an Fc binding protein having increased sta-
bility with respect to heat, acid, and/or alkalinity compared
with the wild type; a method for producing same; and a
method for specifically isolating protein containing an Fc
binding protein binding site using said Fc binding protein as
a ligand for affinity chromatography.

An Fc binding protein was obtained having increased sta-
bility with respect to heat, acid, and/or alkalinity compared
with the wild-type human Fc receptor by means of substi-
tuting at least one specific amino acid residue in the extra-
cellular domain of the wild-type human Fc receptor with
another amino acid residue. The Fc binding protein is useful
as a ligand for affinity chromatography for example by
immobilizing in a solid phase. Also, when the Fc binding
protein is expressed using a host that has been transformed
with an expression vector containing a polynucleotide cod-
ing for said protein, the amount of produced protein is
increased compared with using a wild-type human Fc recep-
tor.
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FC BINDING PROTEIN AND METHOD FOR
MANUFACTURING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International
Application No. PCT/JP2011/001413 filed Mar. 10, 2011,
claiming priority based on Japanese Patent Application Nos.
2010-052789 filed Mar. 10, 2010 and JP 2011-038500 filed
Feb. 24, 2011, the contents of all of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to an Fc binding protein
having an affinity for an immunoglobulin. More specifically,
the present invention relates to an Fc binding protein show-
ing characteristics such as higher thermal stability than a
wild-type, which can be used as, for example, an immuno-
globulin affinity ligand for affinity chromatography. The
present invention also relates to a method for manufacturing
the protein, and an adsorbent which uses the protein as a
component and adsorbs an immunoglobulin, for example.

BACKGROUND ART

An immune signal from immunoglobulin G (hereinafter,
referred to as 1gQ3) is transmitted by binding of IgG after
antigen trapping to an Fc receptor on the surface of an
immunocyte. The Fc receptor is a group of protein mol-
ecules which binds to the Fc region of IgG, and each
molecular species has an Fc recognition domain belonging
to an immunoglobulin super family and recognizes a single
variety of immunoglobulin or the immunoglobulin belong-
ing to the same subtype. This determines which accessory
cell is recruited in each immune response (Non-Patent
Literature 1). The Fc receptor can be further classified into
subtypes and it has been reported that FcyRI, FcyRlla,
FeyRIIb, and FeyRIII exist as receptors for IgG (Non-Patent
Literature 1). Especially, the binding affinity of FeyRI to IgG
is high and the equilibrium dissociation constant (K,)
thereof is 10~ M or less (Non-Patent Literature 2).

FeyR1 is divided roughly into a signal peptide region, an
extracellular region, a transmembrane region, and an intra-
cytoplasmic region. The binding thereof to IgG occurs
between the Fc region of IgG and the extracellular region of
FeyRI, and subsequently the signal of their binding is
transmitted into cytoplasm. FcyRI includes two kinds of
subunits, an o chain directly associated with binding to IgG,
and a y chain. The y chain forms a homodimer with a
covalent bond through cysteine on the boundary between the
transmembrane region and the extracellular region (Non-
Patent Literature 1). The amino acid sequence and the gene
base sequence of the a chain of FcyRI have been revealed
by Non-Patent Literature 3, and thereafter an example of the
expression thereof has been reported by genetic modification
techniques with E. coli (Patent Literature 1) or animal cells
as host cells (Non-Patent Literature 4).

The protein which constitutes the extracellular region of
FeyRI (hereinafter, referred to as an Fc binding protein) as
described above has excellent ability to identify a human
antibody on the basis of high affinity. Based on this high
affinity, the method for utilizing the Fc binding protein as a
ligand of affinity chromatography used in a process of
manufacturing diagnostic reagents, tools for research of
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antibody drugs, or antibody drugs such as of IgG, has been
reported (Patent Literature 1).

The Fc binding protein is a protein originated from a
protein which works in a human living body, and it has
stronger tendency to be denatured by heat and extreme
change of pH, etc. than a protein present outside a living
body such as on the outer surface of a bacterial cell. On the
other hand, when the Fc binding protein is used as a ligand
for affinity chromatography to manufacture IgG, the Fc
binding protein is required to have stability to acid since the
ligand may be exposed to a solution of low pH, such as a
citric acid buffer solution, in eluting adsorbed IgG through
chromatography procedure using a gel with the ligand
immobilized thereto. In addition, the Fc binding protein is
also required to have stability to alkali since the ligand may
also be exposed to a solution of high pH, such as a sodium
hydroxide solution, when the gel is washed or regenerated.
Further, in view of the long-term storage of the gel, the Fc
binding protein is also required to have stability to heat.

To industrially utilize a biological substance such as a
protein, it may be required that the native structure of the
biological substance is modified to newly produce a sub-
stance which is stable under the predetermined conditions.
Regarding an enzyme protein, etc., many examples have
been reported in which a mutation is artificially introduced
into a polynucleotide encoding the enzyme protein and a
mutant which acquires a desired trait is obtained after
screening. However, as for the Fc binding protein which is
a receptor protein, no example of modification has been
reported in which stability to heat, acid, or alkali is increased
and thus no example has been industrially utilized so far.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Translation of PCT Patent
Application No. 2002-531086

Non-Patent Literature

Non-Patent Literature 1: J. V. Ravetch, et al., Annu. Rev.
Immunol., 9, 457, 1991

Non-Patent Literature 2: Toshiyuki Takai, Jpn. J. Clin.
Immunol., 28, 318, 2005

Non-Patent Literature 3: J. M. Allen, et al., Science, 243,
378, 1989

Non-Patent Literature 4: A. Paetz, et al., Biochem. Biophys.
Res. Commun., 338, 1811, 2005

Non-Patent Literature 5: Protein Structure and Function,
Medical Sciences International, Ltd., 9, 2005

Non-Patent Literature 6: Molecular Cloning, Cold Spring
Horbor Laboratory, 256, 1992

SUMMARY OF INVENTION
Technical Problem

The present invention provides an Fc binding protein
having increased stability to heat, acid, and/or alkali com-
pared with a wild-type human Fc receptor FcyRI, and a
method for manufacturing the Fc binding protein. The
present invention also provides a method for specifically
isolating a protein containing an Fc binding protein binding
site using the Fc binding protein as a ligand for affinity
chromatography.
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Solution to Problem

As a result of intensive studies to solve the aforemen-
tioned problems, the present inventors has identified an
amino acid residue associated with the structural stability in
the Fc binding protein, and found that a mutant in which the
amino acid residue is substituted by another amino acid
residue has excellent stability to heat, acid, and/or alkali and
is useful as a ligand for affinity chromatography, thereby
completing the present invention.

That is, this application encompasses the aspects
described below in (A) to (K):

(A) An Fc binding protein, containing the amino acids at
positions 16 to 289 of the amino acid sequence described in
SEQ ID NO: 1 and having at least any one of the following
amino acid substitutions (1) to (168) in the amino acid
sequence from positions 16 to 289:

(1) threonine at position 20 of SEQ ID NO: 1 is substituted
by proline;

(2) threonine at position 25 of SEQ ID NO: 1 is substituted
by lysine;

(3) threonine at position 38 of SEQ ID NO: 1 is substituted
by alanine or serine;

(4) leucine at position 46 of SEQ ID NO: 1 is substituted by
arginine or proline;

(5) alanine at position 62 of SEQ ID NO: 1 is substituted by
valine;

(6) threonine at position 63 of SEQ ID NO: 1 is substituted
by isoleucine;

(7) serine at position 69 of SEQ ID NO: 1 is substituted by
phenylalanine or threonine;

(8) arginine at position 71 of SEQ ID NO: 1 is substituted
by histidine;

(9) valine at position 77 of SEQ ID NO: 1 is substituted by
alanine or glutamic acid;

(10) asparagine at position 78 of SEQ ID NO: 1 is substi-
tuted by aspartic acid;

(11) aspartic acid at position 94 of SEQ ID NO: 1 is
substituted by glutamic acid;

(12) isoleucine at position 100 of SEQ ID NO: 1 is substi-
tuted by valine;

(13) serine at position 110 of SEQ ID NO: 1 is substituted
by asparagine;

(14) phenylalanine at position 114 of SEQ ID NO: 1 is
substituted by leucine;

(15) histidine at position 125 of SEQ ID NO: 1 is substituted
by arginine;

(16) leucine at position 131 of SEQ ID NO: 1 is substituted
by arginine or proline;

(17) tryptophan at position 149 of SEQ ID NO: 1 is
substituted by leucine;

(18) leucine at position 156 of SEQ ID NO: 1 is substituted
by proline;

(19) isoleucine at position 160 of SEQ ID NO: 1 is substi-
tuted by methionine;

(20) asparagine at position 163 of SEQ ID NO: 1 is
substituted by serine;

(21) asparagine at position 195 of SEQ ID NO: 1 is
substituted by threonine;

(22) threonine at position 199 of SEQ ID NO: 1 is substi-
tuted by serine;

(23) asparagine at position 206 of SEQ ID NO: 1 is
substituted by lysine, serine, or threonine;

(24) leucine at position 207 of SEQ ID NO: 1 is substituted
by proline;

(25) leucine at position 218 of SEQ ID NO: 1 is substituted
by valine;
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(26) asparagine at position 240 of SEQ ID NO: 1 is
substituted by aspartic acid;

(27) leucine at position 248 of SEQ ID NO: 1 is substituted
by serine;

(28) leucine at position 283 of SEQ ID NO: 1 is substituted
by histidine;

(29) leucine at position 285 of SEQ ID NO: 1 is substituted
by glutamine;

(30) valine at position 17 of SEQ ID NO: 1 is substituted by
glycine or glutamic acid;

(31) threonine at position 19 of SEQ ID NO: 1 is substituted
by isoleucine;

(32) threonine at position 20 of SEQ ID NO: 1 is substituted
by isoleucine;

(33) threonine at position 25 of SEQ ID NO: 1 is substituted
by methionine or arginine;

(34) glutamine at position 27 of SEQ ID NO: 1 is substituted
by proline or lysine;

(35) glutamine at position 35 of SEQ ID NO: 1 is substituted
by leucine, methionine, or arginine;

(36) glutamic acid at position 36 of SEQ ID NO: 1 is
substituted by glycine;

(37) leucine at position 41 of SEQ ID NO: 1 is substituted
by methionine;

(38) histidine at position 42 of SEQ ID NO: 1 is substituted
by leucine;

(39) glutamic acid at position 44 of SEQ ID NO: 1 is
substituted by aspartic acid;

(40) valine at position 45 of SEQ ID NO: 1 is substituted by
alanine;

(41) leucine at position 46 of SEQ ID NO: 1 is substituted
by alanine, asparagine, aspartic acid, glutamine, glycine,
histidine, lysine, serine, or tryptophan;

(42) histidine at position 47 of SEQ ID NO: 1 is substituted
by glutamine, leucine, or asparagine;

(43) proline at position 49 of SEQ ID NO: 1 is substituted
by serine or alanine;

(44) glycine at position 50 of SEQ ID NO: 1 is substituted
by arginine or glutamic acid;

(45) serine at position 51 of SEQ ID NO: 1 is substituted by
alanine, threonine, leucine, proline, or valine;

(46) serine at position 52 of SEQ ID NO: 1 is substituted by
glycine;

(47) serine at position 53 of SEQ ID NO: 1 is substituted by
leucine, threonine, or proline;

(48) glutamine at position 55 of SEQ ID NO: 1 is substituted
by arginine;

(49) phenylalanine at position 57 of SEQ ID NO: 1 is
substituted by tyrosine;

(50) leucine at position 58 of SEQ ID NO: 1 is substituted
by arginine;

(51) glycine at position 60 of SEQ ID NO: 1 is substituted
by aspartic acid;

(52) threonine at position 61 of SEQ ID NO: 1 is substituted
by alanine or serine;

(53) alanine at position 62 of SEQ ID NO: 1 is substituted
by glutamic acid;

(54) threonine at position 63 of SEQ ID NO: 1 is substituted
by leucine or phenylalanine;

(55) glutamine at position 64 of SEQ ID NO: 1 is substituted
by proline, histidine, leucine or lysine;

(56) threonine at position 65 of SEQ ID NO: 1 is substituted
by alanine or valine;

(57) serine at position 66 of SEQ ID NO: 1 is substituted by
threonine;

(58) threonine at position 67 of SEQ ID NO: 1 is substituted
by alanine or serine;
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(59) serine at position 69 of SEQ ID NO: 1 is substituted by
alanine;

(60) tyrosine at position 70 of SEQ ID NO: 1 is substituted
by histidine or phenylalanine;

(61) arginine at position 71 of SEQ ID NO: 1 is substituted
by tyrosine;

(62) threonine at position 73 of SEQ ID NO: 1 is substituted
by alanine or serine;

(63) serine at position 74 of SEQ ID NO: 1 is substituted by
phenylalanine;

(64) serine at position 76 of SEQ ID NO: 1 is substituted by
asparagine;

(65) valine at position 77 of SEQ ID NO: 1 is substituted by
aspartic acid or lysine;

(66) asparagine at position 78 of SEQ ID NO: 1 is substi-
tuted by serine or glycine;

(67) serine at position 80 of SEQ ID NO: 1 is substituted by
alanine;

(68) arginine at position 84 of SEQ ID NO: 1 is substituted
by serine;

(69) glycine at position 88 of SEQ ID NO: 1 is substituted
by serine;

(70) leucine at position 89 of SEQ ID NO: 1 is substituted
by glutamine or proline;

(71) serine at position 90 of SEQ ID NO: 1 is substituted by
glycine;

(72) arginine at position 92 of SEQ ID NO: 1 is substituted
by cysteine or leucine;

(73) isoleucine at position 96 of SEQ ID NO: 1 is substituted
by valine or lysine;

(74) glutamine at position 97 of SEQ ID NO: 1 is substituted
by leucine or lysine;

(75) histidine at position 101 of SEQ ID NO: 1 is substituted
by leucine;

(76) arginine at position 102 of SEQ ID NO: 1 is substituted
by serine or leucine;

(77) glycine at position 103 of SEQ ID NO: 1 is substituted
by aspartic acid or serine;

(78) serine at position 111 of SEQ ID NO: 1 is substituted
by alanine;

(79) phenylalanine at position 114 of SEQ ID NO: 1 is
substituted by alanine, isoleucine, methionine, proline,
threonine, or valine;

(80) threonine at position 115 of SEQ ID NO: 1 is substi-
tuted by isoleucine or phenylalanine;

(81) glutamic acid at position 118 of SEQ ID NO: 1 is
substituted by aspartic acid;

(82) alanine at position 121 of SEQ ID NO: 1 is substituted
by threonine or valine;

(83) lysine at position 128 of SEQ ID NO: 1 is substituted
by arginine or glycine;

(84) aspartic acid at position 129 of SEQ ID NO: 1 is
substituted by glycine;

(85) leucine at position 131 of SEQ ID NO: 1 is substituted
by glutamine;

(86) tyrosine at position 133 of SEQ ID NO: 1 is substituted
by histidine or arginine;

(87) asparagine at position 134 of SEQ ID NO: 1 is
substituted by serine;

(88) tyrosine at position 137 of SEQ ID NO: 1 is substituted
by phenylalanine;

(89) tyrosine at position 138 of SEQ ID NO: 1 is substituted
by histidine;

(90) arginine at position 139 of SEQ ID NO: 1 is substituted
by histidine;

(91) asparagine at position 140 of SEQ ID NO: 1 is
substituted by aspartic acid;
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6
(92) glycine at position 141 of SEQ ID NO: 1 is substituted
by aspartic acid or valine;
(93) lysine at position 142 of SEQ ID NO: 1 is substituted
by glutamic acid or arginine;
(94) phenylalanine at position 144 of SEQ ID NO: 1 is
substituted by isoleucine;
(95) phenylalanine at position 147 of SEQ ID NO: 1 is
substituted by serine;
(96) histidine at position 148 of SEQ ID NO: 1 is substituted
by arginine or glutamine;
(97) tryptophan at position 149 of SEQ ID NO: 1 is
substituted by arginine;
(98) serine at position 151 of SEQ ID NO: 1 is substituted
by threonine;
(99) asparagine at position 152 of SEQ ID NO: 1 is
substituted by threonine, isoleucine, or proline;
(100) threonine at position 154 of SEQ ID NO: 1 is
substituted by serine;
(101) leucine at position 156 of SEQ ID NO: 1 is substituted
by histidine;
(102) lysine at position 157 of SEQ ID NO: 1 is substituted
by arginine;
(103) asparagine at position 159 of SEQ ID NO: 1 is
substituted by threonine or aspartic acid;
(104) isoleucine at position 160 of SEQ ID NO: 1 is
substituted by threonine, valine, or leucine;
(105) serine at position 161 of SEQ ID NO: 1 is substituted
by threonine;
(106) threonine at position 165 of SEQ ID NO: 1 is
substituted by methionine;
(107) methionine at position 171 of SEQ ID NO: 1 is
substituted by threonine;
(108) lysine at position 173 of SEQ ID NO: 1 is substituted
by arginine;
(109) histidine at position 174 of SEQ ID NO: 1 is substi-
tuted by glutamine;
(110) threonine at position 177 of SEQ ID NO: 1 is
substituted by serine;
(111) isoleucine at position 181 of SEQ ID NO: 1 is
substituted by threonine;
(112) serine at position 182 of SEQ ID NO: 1 is substituted
by threonine, leucine, valine, or glutamic acid;
(113) threonine at position 184 of SEQ ID NO: 1 is
substituted by serine;
(114) proline at position 190 of SEQ ID NO: 1 is substituted
by serine;
(115) valine at position 193 of SEQ ID NO: 1 is substituted
by leucine;
(116) asparagine at position 195 of SEQ ID NO: 1 is
substituted by alanine;
(117) alanine at position 196 of SEQ ID NO: 1 is substituted
by serine;
(118) valine at position 198 of SEQ ID NO: 1 is substituted
by glycine or methionine;
(119) threonine at position 199 of SEQ ID NO: 1 is
substituted by alanine;
(120) serine at position 200 of SEQ ID NO: 1 is substituted
by glycine or arginine;
(121) leucine at position 202 of SEQ ID NO: 1 is substituted
by methionine;
(122) leucine at position 203 of SEQ ID NO: 1 is substituted
by histidine, glutamine, tyrosine, arginine or proline;
(123) glutamic acid at position 204 of SEQ ID NO: 1 is
substituted by valine;
(124) leucine at position 207 of SEQ ID NO: 1 is substituted
by glutamine, histidine, or arginine;
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(125) threonine at position 209 of SEQ ID NO: 1 is
substituted by alanine;
(126) serine at position 211 of SEQ ID NO: 1 is substituted
by arginine or glycine;
(127) glutamic acid at position 213 of SEQ ID NO: 1 is
substituted by valine or isoleucine;
(128) lysine at position 215 of SEQ ID NO: 1 is substituted
by arginine or glutamic acid;
(129) leucine at position 217 of SEQ ID NO: 1 is substituted
by arginine or glutamine;
(130) leucine at position 218 of SEQ ID NO: 1 is substituted
by isoleucine, methionine, or lysine;
(131) glutamine at position 219 of SEQ ID NO: 1 is
substituted by proline or arginine;
(132) leucine at position 223 of SEQ ID NO: 1 is substituted
by arginine, glutamine, or methionine;
(133) glutamine at position 224 of SEQ ID NO: 1 is
substituted by arginine;
(134) leucine at position 225 of SEQ ID NO: 1 is substituted
by glutamine;
(135) phenylalanine at position 227 of SEQ ID NO: 1 is
substituted by isoleucine;
(136) tyrosine at position 230 of SEQ ID NO: 1 is substi-
tuted by histidine or phenylalanine;
(137) methionine at position 231 of SEQ ID NO: 1 is
substituted by lysine or arginine;
(138) serine at position 233 of SEQ ID NO: 1 is substituted
by glycine or asparagine;
(139) lysine at position 234 of SEQ ID NO: 1 is substituted
by glutamic acid;
(140) asparagine at position 240 of SEQ ID NO: 1 is
substituted by glycine;
(141) glutamic acid at position 244 of SEQ ID NO: 1 is
substituted by valine;
(142) tyrosine at position 245 of SEQ ID NO: 1 is substi-
tuted by histidine or glutamic acid;
(143) glutamine at position 246 of SEQ ID NO: 1 is
substituted by arginine or lysine;
(144) leucine at position 248 of SEQ ID NO: 1 is substituted
by isoleucine;
(145) threonine at position 249 of SEQ ID NO: 1 is
substituted by alanine or serine;
(146) alanine at position 250 of SEQ ID NO: 1 is substituted
by valine;
(147) arginine at position 251 of SEQ ID NO: 1 is substi-
tuted by serine;
(148) arginine at position 252 of SEQ ID NO: 1 is substi-
tuted by histidine;
(149) glutamic acid at position 253 of SEQ ID NO: 1 is
substituted by glycine;
(150) leucine at position 257 of SEQ ID NO: 1 is substituted
by arginine or glutamine;
(151) glutamic acid at position 261 of SEQ ID NO: 1 is
substituted by valine or alanine;
(152) alanine at position 262 of SEQ ID NO: 1 is substituted
by valine;
(153) alanine at position 263 of SEQ ID NO: 1 is substituted
by serine;
(154) threonine at position 264 of SEQ ID NO: 1 is
substituted by serine;
(155) glutamic acid at position 265 of SEQ ID NO: 1 is
substituted by alanine or glycine;
(156) asparagine at position 268 of SEQ ID NO: 1 is
substituted by serine, isoleucine, or threonine;
(157) leucine at position 270 of SEQ ID NO: 1 is substituted
by histidine, arginine, or valine;
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(158) lysine at position 271 of SEQ ID NO: 1 is substituted
by arginine;
(159) arginine at position 272 of SEQ ID NO: 1 is substi-
tuted by glutamine;
(160) glutamic acid at position 277 of SEQ ID NO: 1 is
substituted by valine;
(161) glutamine at position 279 of SEQ ID NO: 1 is
substituted by arginine or histidine;
(162) glycine at position 282 of SEQ ID NO: 1 is substituted
by aspartic acid;
(163) leucine at position 283 of SEQ ID NO: 1 is substituted
by proline;
(164) leucine at position 285 of SEQ ID NO: 1 is substituted
by arginine or histidine;
(165) proline at position 286 of SEQ ID NO: 1 is substituted
by glutamine, arginine or glutamic acid;
(166) threonine at position 287 of SEQ ID NO: 1 is
substituted by isoleucine, proline, alanine, or valine;
(167) proline at position 288 of SEQ ID NO: 1 is substituted
by alanine, serine, or threonine; and
(168) valine at position 289 of SEQ ID NO: 1 is substituted
by alanine, aspartic acid, glycine, leucine, or isoleucine.

(B) The Fc binding protein described in (A), having at
least the amino acid substitution described above in any one
of (4), (14), (41), and (79) in the aforementioned amino acid
sequence from positions 16 to 289.

(C) The Fc binding protein described in (B), containing
the amino acids from positions 34 to 307 in the amino acid
sequence described in any one of SEQ ID NOS: 2, 3, 4, 5,
114, 118, 130, 134, 148, 154, 164, 170, 174, and 176.

(D) The Fc binding protein described in (B), comprising
the amino acid sequence described in any one of SEQ ID
NOS: 2,3, 4, 5,114, 118, 130, 134, 148, 154, 164, 170, 174,
and 176.

(E) A polynucleotide, encoding the Fc binding protein
described in any one of (A) to (D).

(F) An expression vector, containing the polynucleotide
described in (E).

(G) A transformant obtained by transforming a host with
the expression vector described in (F).

(H) The transformant described in (G), wherein the host
is Escherichia coli.

(D A method for manufacturing an Fc binding protein,
comprising culturing the transformant described in (G) or
(H) to produce the Fc binding protein, and recovering the
produced Fc binding protein from its culture.

(1) An adsorbent for a protein containing an Fc binding
protein binding site, the adsorbent obtained by immobilizing
to a solid phase the Fc binding protein described in any one
of (A) to (D).

(K) An antibody purification method including: (1) add-
ing a solution containing an antibody to an adsorbent for a
protein containing an Fc binding protein binding site to
cause the antibody to be adsorbed to the adsorbent, the
adsorbent obtained by immobilizing to a solid phase an Fc
binding protein including the amino acid sequence described
in any one of SEQ ID NOS: 114, 118, 130, 134, 148, 154,
164, 170, 174, and 176; and (2) eluting the antibody
adsorbed to the adsorbent with a buffer solution of pH 3.0 to
pH 4.5.

Advantageous Effects of the Invention

The Fc binding protein of the present invention is a
protein in which at least one specific amino acid residue in
the extracellular region of the wild-type human Fc receptor
FeyR1 is substituted by another amino acid. The protein has
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increased stability to heat, acid, and/or alkali as compared
with the wild-type human FeyRI. Accordingly, an antibody
such as human IgG can be stably purified by using the Fc
binding protein of the present invention as a ligand for
affinity chromatography.

In the method for manufacturing the Fc binding protein,
which includes culturing the transformant obtained by trans-
forming a host with the expression vector containing the
polynucleotide encoding the Fc binding protein to produce
the Fc binding protein, and recovering the produced Fc
binding protein from the culture, protein productivity will
increase when the Fc binding protein of the present inven-
tion is used as an Fc binding protein. Accordingly, the
present invention is also useful in industrial manufacture of
the Fc binding protein.

Furthermore, the Fc binding protein of the present inven-
tion has increased stability to heat, acid, and/or alkali as
compared with the wild-type human FcyRI. Accordingly,
with regard to the adsorbent for the protein containing the Fc
binding protein binding site, the adsorbent obtained by
immobilizing to the solid phase the Fc binding protein of the
present invention, adsorption performance is hardly
decreased, for example, even when the adsorbent is regen-
erated by an alkali treatment (for example, a 100 mM
sodium hydroxide aqueous solution). Thus, it can be said
that the adsorbent of the present invention is especially
preferred in the application of bulk purification of antibodies
such as human IgG.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of the structure of the
human Fc receptor FcyRI.

FIG. 2 is a schematic diagram of the structure of the
plasmid pUCFcR inserted with the polynucleotide encoding
the human FcyRI.

FIG. 3 is a schematic diagram of production of the
plasmid pETFcR inserted with the polynucleotide encoding
the Fc binding protein.

FIG. 4 is a schematic diagram of the structure of the
plasmid pETMalE.

FIG. 5 is a schematic diagram of the structure of the
plasmid pETFcR.

FIG. 6 is a graph for evaluating the antibody binding
activity of the Fc binding protein expressed in a plasmid
pETFcR transformant.

FIG. 7 is a graph for evaluating the productivity of the Fc
binding proteins (FcRm4, FcRm6, FcRm8, FcRm19).

FIG. 8 is a graph for evaluating the productivity of the Fc
binding protein (FcRm32).

FIG. 9 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm32).

FIG. 10 is a graph for evaluating the productivity of the
Fc binding protein (FcRm36b).

FIG. 11 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm36b).

FIG. 12 is a graph for evaluating the productivity of the
Fc binding protein (FcRm44).

FIG. 13 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm44).

FIG. 14 is a graph for evaluating the productivity of the
Fc binding protein (FcRm48).

FIG. 15 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm48).

FIG. 16 is a graph for evaluating the productivity of the
Fc binding protein (FcRm54b).
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FIG. 17 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm54b).

FIG. 18 is a graph for evaluating the productivity of the
Fc binding protein (FcRm56b).

FIG. 19 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm56b).

FIG. 20 is a graph for evaluating the productivity of the
Fc binding protein (FcRm57b).

FIG. 21 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm57b).

FIG. 22 is a graph for evaluating the productivity of the
Fc binding proteins (FcRm60c, FcRm61, FcRm62).

FIG. 23 is a graph for evaluating the alkali stability of the
Fc binding proteins (FcRm60c, FcRm61, FcRm62).

FIG. 24 is a graph for evaluating the acid stability of the
Fc binding proteins.

FIG. 25 is a graph for evaluating the antibody elution of
the Fe binding protein (FcRm19)-immobilized gel.

FIG. 26 is a graph for evaluating the antibody elution of
the Fe binding protein (FcRm32)-immobilized gel.

FIG. 27 is a graph for evaluating the antibody elution of
the Fc binding protein (FcRm36b)-immobilized gel.

FIG. 28 is a graph for evaluating the antibody elution of
the Fe binding protein (FcRm48)-immobilized gel.

FIG. 29 is a graph for evaluating the antibody elution of
the Fc binding protein (FcRm56b)-immobilized gel.

FIG. 30 is a graph for evaluating the antibody elution of
the Fc binding protein (FcRm57b)-immobilized gel.

FIG. 31 is a graph for evaluating the alkali stability of the
Fc binding protein (FcRm32, FcRm36b, FcRmS56b)-immo-
bilized gels.

FIG. 32 is a graph for evaluating the repeat stability of the
Fc binding protein (FcRm56b)-immobilized gel.

DESCRIPTION OF EMBODIMENTS

The Fe binding protein of the present embodiment will be
described below in detail.

FIG. 1 shows the structure of the o chain of the human Fc
receptor FcyRI. The a chain of the human Fc receptor FeyRI
comprises the signal peptide region including 15 amino
acids from the N-terminal side (SS, the region from posi-
tions 1 to 15 in the amino acid sequence described in SEQ
ID NO: 1), the extracellular region including 277 amino
acids (EC, the region from positions 16 to 292 in the amino
acid sequence described in SEQ ID NO: 1), the transmem-
brane region including 21 amino acids (TM, the region from
positions 293 to 313 in the amino acid sequence described
in SEQ ID NO: 1), and the intracellular region including 61
amino acids (C, the region from positions 314 to 374 in
amino acid sequence described in SEQ ID NO: 1).

The Fc binding protein of the present embodiment con-
tains at least the region from glutamine at position 16 to
valine at position 289 in the extracellular region (EC region
in FIG. 1) from glutamine at position 16 to histidine at
position 292 in the amino acid sequence described in SEQ
ID NO: 1. The Fe binding protein of the present embodiment
may contain all or a part of the signal peptide region (SS
region in FIG. 1) at the N-terminal side of the EC region, or
may include the transmembrane region (ITM region in FIG.
1) or the intracellular region (C region in FIG. 1) at the
C-terminal side of the EC region. Further, the Fc binding
protein of the present embodiment may have a tag peptide,
such as a polyhistidine tag, for purification or others added
to the N-terminal side or the C terminal side.

The Fc binding protein of the present embodiment is a
polypeptide in which at least one amino acid residue in the



US 9,453,066 B2

11

region from glutamine at position 16 to valine at position
289, which is a part of the extracellular region (EC region in
FIG. 1) in the amino acid sequence described in SEQ ID NO:
1 is substituted by another amino acid residue. The substi-
tution allows the Fc binding protein of the present embodi-
ment to have significantly increased thermal stability, acid
stability, and/or alkali stability as compared to wild-type
human FcyRI including the amino acid sequence described
in SEQ ID NO: 1, and thereby to become useful as a ligand
for affinity chromatography. For example, the Fc binding
protein illustrated in Example possesses the antibody bind-
ing activity more than or equal to the wild-type human
FcyRI which does not have any amino acid substitution,
even if subjected to a heat-treatment at 43° C. for 10
minutes, a heat-treatment at 70° C. for 20 minutes, a
treatment under the acidic conditions of pH 3.0 for 24 hours,
or a treatment under the alkaline conditions of pH 10 at 53°
C. for 20 minutes.

Specifically, the Fc binding protein of the present embodi-
ment contains at least the amino acid sequence of the region
from glutamine at position 16 to valine at position 289 in the
amino acid sequence described in SEQ ID NO: 1. Further,
the amino acid sequence is a polypeptide which has any one
or more of the following substitutions: Thr20Pro (This letter
means that threonine at position 20 of SEQ ID NO: 1 is
substituted by proline. The same applies to the following
letters.), Thr25Lys, Thr38Ala, Thr38Ser, Leud6Arg,
Leu46Pro, Ala62Val, Thr63Ile, Ser69Phe, Ser69Thr,
Arg71His, Val77Ala, Val77Glu, Asn78Asp, Asp94Glu,
Tle100Val, Ser110Asn, Phell4leu, His125Arg, Leul31Arg,
Leul31Pro, Trp149Leu, Leul56Pro, Ile160Met, Asnl63Ser,
Asnl95Thr, Thr199Ser, Asn206Lys, Asn2068Ser,
Asn206Thr, Leu207Pro, Leu218Val,  Asn240Asp,
Leu248Ser, Leu283His, Leu285GIn, Vall7Gly, Vall7Glu,
Thr19Ile, Thr20Ile, Thr25Met, Thr25Arg, Gln27Pro,
GIn27Lys, GIn35Leu, Gln35Met, Gln35Arg, Glu36Gly,
Leud1Met, Hisd2leu, Glud4Asp, Vald5Ala, Leud6Ala,
Leud6Asn, Leud6Asp, Leud6Gln, Leud6Gly, Leud6His,
Leud6Llys, Leud6Ser, Leud6Trp, His47Gln, His47Leu,
His47Asn, Pro49Ser, Pro49Ala, Gly50Arg, Gly50Glu,
Ser51Ala, Ser51Thr, Ser51Leu, Ser51Pro, Ser51Val,
Ser52Gly, Ser53Leu, Ser53Thr, Ser53Pro, GIn55Arg,
Phe57Tyr, Leu58Arg, Gly60Asp, Thr61Ala, Thr61Ser,
Ala62Glu, Thr63Leu, Thr63Phe, GIn64Pro, Gln64His,
Gln64Leu, Gln64Lys, Thr65Ala, Thr65Val, Ser66Thr,
Thr67Ala, Thr67Ser, Ser69Ala, Tyr70His, Tyr70Phe,
Arg71Tyr, Thr73Ala, Thr73Ser, Ser74Phe, Ser76Asn,
Val77Asp, Val77Lys, Asn78Ser, Asn78Gly, Ser80Ala,
Arg84Ser, Gly88Ser, Leu89GIln, Leu89Pro, Ser90Gly,
Arg92Cys, Arg92leu, Ile96Val, Ile96Lys, Gln97Leu,
GIn97Lys, His101Leu, Argl02Ser, Argl02Leu, Glyl103 Asp,
Glyl103Ser, Ser111Ala, Phel14Ala, Phell4lle, Phel14Met,
Phel14Pro, Phel14Thr, Phel14Val, Thr1151Ile, Thr115Phe,
Glul18Asp, Ala121Thr, Ala121Val, Lys128Arg, Lys128Gly,

Aspl129Gly, Leul31Gln,  Tyrl33His, Tyr133Arg,
Asnl34Ser, Tyr137Phe, Tyr138His, Argl39His,
Asnl40Asp, Glyl4lAsp, Glyl41val, Lysl42Gluy,

Lys142Arg, Phel44lle, Phel47Ser, His148Arg, His148Gln,
Trp149Arg, Ser151Thr, Asn152Thr, Asn1521le, Asnl52Pro,

Thr154Ser, Leul56His, Lys157Arg, Asnl59Thr,
Asnl159Asp, 1le160Thr, Ile160Val, Ile160Leu, Ser161Thr,
Thr165Met,  Metl71Thr, Lys173Arg,  His174Gln,

Thr177Ser, 1le181Thr, Ser182Thr, Ser182Leu, Ser182Val,
Ser182Glu, Thr184Ser, Pro190Ser, Val193Leu, Asn195Ala,

Alal968Ser, Val198Gly, Vall98Met, Thr199Ala, Ser200Gly,
Ser200Arg, Leu202Met, Leu203His, Leu203Gln,
Leu203Tyr, Leu203Arg, Leu203Pro, Glu204Val,
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Leu207Gln, Leu207His, Leu207Arg, Thr209Ala,
Ser211Arg, Ser211Gly, Glu213Val, Glu2131le, Lys215Arg,
Lys215Glu, Leu217Arg, Leu217Gln, Leu218Ile,
Leu218Met, Leu218Lys, GIn219Pro, GIn219Arg,
Leu223Arg, Leu223Gln, Leu223Met, GIn224Arg,

Leu225GIn, Phe2271le, Tyr230His, Tyr230Phe, Met231Lys,
Met231Arg, Ser233Gly, Ser233Asn, Lys234Glu,
Asn240Gly, Glu244Val, Tyr245His, Tyr245Glu,
GIn246Arg, GIn246Lys, Leu248Ile, Thr249Ala, Thr249Ser,
Ala250Val, Arg251Ser, Arg252His, Glu253Gly, Leu257Arg,
Leu257GlIn, Glu261Val, Glu261Ala, Ala262Val, Ala263Ser,
Thr264Ser, Glu265Ala, Glu265Gly, Asn268Ser, Asn268lle,

Asn268Thr, Leu270His, Leu270Arg, Leu270Val,
Lys271Arg,  Arg272Gln, Glu277Val,  GIn279Arg,
GIn279His, Gly282Asp, Leu283Pro, Leu285Arg,

Leu285His, Pro286Gln, Pro286Arg, Pro286Glu, Thr2871le,
Thr287Pro, Thr287Ala, Thr287Val, Pro288Ala, Pro288Ser,
Pro288Thr, Val289Ala, Val289Asp, Val289Gly, Val289Leu,
and Val2891le.

Moreover, among the aforementioned substitutions, the
amino acid sequence preferably has any one or more of the
following substitutions to further increase thermal stability:
Thr20Pro, Thr25Lys, Thr38Ser, Leud46Pro, Thr63lle,
Ser69Thr, Arg71His, Val77Glu, Asn78Asp, Ilel00Val,
Phell4Leu, Ile160Met, Asn163Ser, Asnl195Thr, Asn206Thr,
Leu207Pro, Asn240Asp, [.eu283His, and Leu285GIn.

Furthermore, among the aforementioned substitutions, the
amino acid sequence preferably has any one or more of the
following substitutions to further increase stability of the Fc
binding protein to heat, acid, and alkali: Leud6Arg,
Leud6Pro, Leud6Ala, Leud6Asn, Leud6Asp, Leud6Gln,
Leud6Gly, Leud6His, Leud6Lys, Leud6Ser, Leud6Trp,
Phell4Leu, Phell4Ala, Phell4lle, Phell4Met, Phell4Pro,
Phel14Thr, and Phell4Val.

When the Fc binding protein of the present embodiment
is produced by causing the amino acid substitution, the
amino acid at a specific position may be substituted by an
amino acid other than that in the substitution described
above as long as the Fc binding protein has the antibody
binding activity. Examples thereof include a conserved
substitution which is a substitution between amino acids
having both or either of similar physical properties and
chemical properties. It is known by a person skilled in the art
that the conserved substitution generally can keep the func-
tion of proteins between those with substitution and those
without substitution not only for the Fc binding protein.
Examples of the conserved substitution include the substi-
tution between glycine and alanine, between aspartic acid
and glutamic acid, between serine and proline, or between
glutamic acid and alanine (Non-Patent Literature 5).

In the Fe binding protein of the present embodiment, the
number of the amino acid to be substituted is not particularly
limited. Examples include the following substitution prod-
ucts (a) to (n). Among these substitution products, particu-
larly, the substitution products described in (c) to (n) are
preferred in terms of further increased stability to heat, acid,
and alkali.

(a) the tetrasubstitution product (the Fc binding protein
containing the amino acid sequence from positions 34 to 307
in the amino acid sequence described in SEQ ID NO: 2)
having the substitutions of L.eu46Pro, Thr631le, Phell4Leu,
and Asn240Asp,

(b) the hexasubstitution product (the Fc binding protein
containing the amino acid sequence from positions 34 to 307
in the amino acid sequence described in SEQ ID NO: 3)
having the substitutions of Thr38Ser, Leud46Pro, Thr631le,
Tle100Val, Phell4Leu, and Asn240Asp,
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(c) the octasubstitution product (the Fc binding protein
containing the amino acid sequence from positions 34 to 307
in the amino acid sequence described in SEQ ID NO: 4)
having the substitutions of Thr38Ser, Leud46Pro, Thr631le,
Ile100Val, Phell4Leu, Ilel60Met, Asnl63Ser, and
Asn240Asp,

(d) the nonadecasubstitution product (the Fc binding protein
containing the amino acid sequence from positions 34 to 307
in the amino acid sequence described in SEQ ID NO: 5)
having the substitutions of Thr20Pro, Thr25Lys, Thr38Ser,
Leud6Pro, Thr63Ile, Ser69Thr, Arg71His, Val77Glu,
Asn78Asp, 1le100Val, Phell4leu, Ile160Met, Asnl63Ser,
Asnl195Thr,  Asn206Thr, Leu207Pro,  Asn240Asp,
Leu283His, and Leu285Gln,

(e) the dotriacontasubstitution product (the Fc binding pro-
tein containing the amino acid sequence from positions 34 to
307 in the amino acid sequence described in SEQ ID NO:
114) having the substitutions of Thr20Pro, Thr25Lys,
Glu36Gly, Thr38Ser, Val4d5Ala, Leud6Pro, Pro49Ser,
Gly60Asp, Thr631le, Thr65Ala, Ser69Thr, Arg71His,
Val77Glu, Asn78Asp, Ile100Val, Phell4leu, Tyr133His,
Argl39His, Trp149Arg, Leul56Pro, 1le160Thr, Asnl163Ser,
Lys173Arg, lle181Thr, Asn195Thr, Leu203His, Asn206Thr,
Leu207Gln, Met231Lys, Asn240Asp, Leu283His, and
Leu285Gln,

() the hexatriacontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
NO: 118) having the substitutions of Thr20Pro, Thr25Lys,
Gln35Leu, Glu36Gly, Thr38Ser, Leud41Met, ValdSAla,
Leud6Pro, Prod9Ser, Ser52Gly, Gly60Asp, Thr63lle,
Thr65Ala, Ser69Thr, Arg71His, Val77Glu, Asn78Asp,
Tle100Val, Phell4Leu, Tyr133His, Argl39His, Trp149Arg,
Asnl152Thr, Leul56Pro, lle1 60Thr, Asnl163Ser, Lys173Arg,
Ile181Thr, Asn195Thr, Leu203His, Asn206Thr, Leu207Gln,
Met231Lys, Asn240Asp, Leu283His, and Leu285Gln,

(g) the tetratetracontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
NO: 130) having the substitutions of Thr20Pro, Thr25Lys,
Gln35Leu, Glu36Gly, Thr38Ser, Leud41Met, ValdSAla,

Leud6Pro, Prod9Ser, Ser52Gly, Gly60Asp, Thr63lle,
Thr65Ala, Ser69Thr, Arg71His, Val77Glu, Asn78Asp,
GIn97Leu, 1le100Val, Phell4leu, Lys128Arg, Tyr133His,
Argl39His, Trp149Arg, Asnl152Thr, Leul56Pro,
Lys157Arg, 11le160Thr, Asn163Ser, Lys173Arg, 1le181Thr,
Ser182Leu, Asnl95Thr, Leu203His, Asn206Thr,
Leu207Gln, Glu213Val, Leu218Ile, Met231Lys,
Asn240Asp, Thr249Ala, Glu261Val, Leu283His, and
Leu285Gln,

(h) the octatetracontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
NO: 134) having the substitutions of Thr20Pro, Thr25Lys,
Gln35Leu, Glu36Gly, Thr38Ser, Leud41Met, ValdSAla,
Leud6Pro, Pro49Ser, Ser51Thr, Ser52Gly, Gly60Asp,
Thr631le, Thr65Ala, Ser69Thr, Arg71His, Val77Glu,
Asn78Asp, GIn97Leu, I1le100Val, Phell4Leu, Lys128Arg,
Leul31Gln, Tyr133His, Tyr137Phe, Argl39His, Trp149Arg,
Asnl152Thr, Leul56Pro, Lys157Arg, 1le160Thr, Asn163Ser,
Lys173Arg, 1le181Thr, Ser182Leu, Thr184Ser, Asnl195Thr,
Leu203His, Asn206Thr, Leu207Gln, Glu213Val, Leu218Ile,
Met231Lys,  Asn240Asp, Thr249Ala, Glu261Val,
Leu283His, and Leu285Gln,

(1) the tetrapentacontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
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NO: 148) having the substitutions of Thr20Pro, Thr25Lys,
GIn35Leu, Glu36Gly, Thr38Ser, LeudlMet, His42leu,
Leud6Pro, Prod49Ser, SerS51Ala, Ser52Gly, Gly60Asp,
Thr631le, Thr65Ala, Ser69Thr, Arg71His, Thr73Ala,
Val77Glu, Asn78Asp, GIn97Leu, Ile100Val, Phell4leu,
Alal21Val, Lys128Arg, Leul31Gln, Tyr133His, Tyr137Phe,
Argl139His, Trp149Arg, Ser151Thr, Asnl52Thr,
Leul56Pro, Lys157Arg, 1le160Thr, Asnl63Ser, Lys173Arg,
Ile181Thr, Ser182Leu, Thr184Ser, Asn195Thr, Thr199Ala,
Leu203His, Asn206Thr, Leu207Gln, Glu213Val, Leu218Ile,
Met231Lys, Lys234Glu,  Asn240Asp, Thr249Ala,
Glu261Val, Leu270Val, Leu283His, and Leu285GIn,

(j) the hexapentacontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
NO: 154) having the substitutions of Thr20Pro, Thr25Lys,
GIn35Leu, Glu36Gly, Thr38Ser, LeudlMet, His42leu,
Leud6Pro, Pro49Ser, SerS51Ala, Ser52Gly, LeuS58Arg,
Gly60Asp, Thr631le, Thr65Ala, Ser69Thr, Arg71His,
Thr73Ala, Val77Glu, Asn78Asp, GIn97Leu, Ile100Val,
Ser111Ala, Phell4leu, Thrl15Ile, Alal21Val, Lys128Arg,
Leul31Gln, Tyr133His, Tyr137Phe, Arg139His, Trp149Arg,
Ser151Thr, Asn152Thr, Leul56Pro, Lys157Arg, Ile160Thr,
Asnl63Ser, Lys173Arg, [le181Thr, Ser182Leu, Thr184Ser,

Asnl95Thr, Thr199Ala, Leu203His, Asn206Thr,
Leu207Gln, Glu213Val, Leu218Ile, Met231Lys,
Lys234Glu, Asn240Asp, Thr249Ala, Leu270Val,

Leu283His, and Leu285Gln,

(k) the heptapentacontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
NO: 164) having the substitutions of Thr20Pro, Thr25Lys,
GIn35Leu, Glu36Gly, Thr38Ser, LeudlMet, His42leu,
Leud6Pro, Pro49Ser, SerS51Ala, Ser52Gly, LeuS58Arg,
Gly60Asp, Thr631le, Thr65Ala, Ser69Thr, Tyr70Phe,
Arg71His, Thr73Ala, Val77Glu, Asn78Asp, GIln97Leu,
Ile100Val, Ser111Ala, Phelld4leu, Thrl15Ile, Alal21Val,
Lys128Arg, Tyr133His, Tyr137Phe, Argl39His, Trp149Arg,
Ser151Thr, Asn152Thr, Leul56Pro, Lys157Arg, Ile160Thr,
Asnl63Ser, Lys173Arg, [le181Thr, Ser182Leu, Thr184Ser,

Asnl95Thr, Thr199Ala, Asn206Thr, Leu207Pro,
Glu213Val, Leu218Ile, Tyr230Phe, Met231Lys, Ser233Gly,
Lys234Glu, Asn240Asp, Thr249Ala, Leu270Val,

Leu283His, and Leu285Gln,

(1) the hexacontasubstitution product (the Fc binding protein
containing the amino acid sequence from positions 34 to 307
in the amino acid sequence described in SEQ ID NO: 174)
having the substitutions of Thr20Pro, Thr25Lys, Gln35Leu,
Glu36Gly, Thr38Ser, Leud41Met, Hisd42leu, Leud6Pro,
Pro49Ser, Ser51Ala, Ser52Gly, LeuS8Arg, Gly60Asp,
Thr631le, Thr65Ala, Ser69Thr, Tyr70Phe, Arg71His,
Thr73Ala, Val77Glu, Asn78Asp, GIn97Leu, Ile100Val,
Ser111Ala, Phell4leu, Thrl15Ile, Alal21Val, Lys128Arg,
Tyr133His, Tyr137Phe, Arg139His, Trp149Arg, Serl151Thr,
Asnl152Thr, Leul56Pro, Lys157Arg, 1le160Thr, Asn163Ser,
Thr165Met, Lys173Arg, 1le181Thr, Ser182Leu, Thr184Ser,

Asnl95Thr, Thr199Ala, Asn206Thr, Leu207Pro,
Glu213Val, Leu217Gln, Leu218lle, Tyr230Phe, Met231Lys,
Ser233Gly, Lys234Glu, Asn240Asp, Thr249Ala,

Leu270Val, Leu283His, Leu285GlIn, and Val289Asp,

(m) the henhexacontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
NO: 170) having the substitutions of Thr20Pro, Thr25Lys,
GIn35Leu, Glu36Gly, Thr38Ser, LeudlMet, His42leu,
Leud6Pro, Pro49Ser, SerS51Ala, Ser52Gly, LeuS58Arg,
Gly60Asp, Thr631le, Thr65Ala, Ser69Thr, Tyr70Phe,



US 9,453,066 B2

15

Arg71His, Thr73Ala, Val77Glu, Asn78Asp, Gln97Leu,
Tle100Val, Serl11Ala, Phell4Leu, Thrl151le, Glul18Asp,
Alal21Val, Lys128Arg, Tyr133His, Tyr137Phe, Arg139His,
Trp149Arg, Ser151Thr, Asnl52Thr, Leul56Pro,
Lys157Arg, lle160Thr, Asn163Ser, Thr165Met, Lys173Arg,
Ile181Thr, Ser182Leu, Thr184Ser, Asn195Thr, Thr199Ala,
Asn206Thr, Leu207Pro, Glu213Val, Leu218Ile, Tyr230Phe,
Met231Lys,  Ser233Gly, Lys234Glu,  Asn240Asp,
Gln246Lys, Thr249Ala, Leu270Val, Leu283His,
Leu285GlIn, and Val289Asp,

(n) the dohexacontasubstitution product (the Fc binding
protein containing the amino acid sequence from positions
34 to 307 in the amino acid sequence described in SEQ ID
NO: 176) having the substitutions of Thr20Pro, Thr25Lys,
Gln35Leu, Glu36Gly, Thr38Ser, Leud1Met, His42L eu,
Leud6Pro, Pro49Ser, SerS51Ala, Ser52Gly, LeuS58Arg,
Gly60Asp, Thr631le, Thr65Ala, Ser69Thr, Tyr70Phe,
Arg71His, Thr73Ala, Val77Glu, Asn78Asp, Gln97Leu,
Tle100Val, Serl11Ala, Phell4Leu, Thrl151le, Glul18Asp,
Alal21Val, Lys128Arg, Tyr133His, Tyr137Phe, Arg139His,
Trp149Arg, Ser151Thr, Asnl52Thr, Leul56Pro,
Lys157Arg, lle160Thr, Asn163Ser, Thr165Met, Lys173Arg,
Ile181Thr, Ser182Leu, Thr184Ser, Asn195Thr, Thr199Ala,
Asn206Thr, Leu207Pro, Glu213Val, Leu217Gln,
Leu218Ile, Tyr230Phe, Met231Lys, Ser233Gly, Lys234Glu,
Asn240Asp, Gln246Lys, Thr249Ala, Leu270Val,
Leu283His, Leu285GIn, and Val289Asp.

Examples of the methods for manufacturing the poly-
nucleotide having the nucleotide sequence encoding the Fc
binding protein of the present embodiment (hereinafter,
simply referred to as the polynucleotide of the present
embodiment) include, the methods (I) and (II) described
below.

(D) The method for converting the amino acid sequence of
the Fc binding protein of the present embodiment to a
nucleotide sequence to artificially synthesize the polynucle-
otide including the nucleotide sequence.

(IT) The method for preparing the polynucleotide including
the whole or a partial sequence of human FcyRI directly and
artificially or using a DNA amplification method, such as a
PCR method, from human FcyRI cDNA, etc., to link the
prepared polynucleotides together in a suitable manner.

In addition, the amino acid sequence is preferably con-
verted to the nucleotide sequence in consideration of the
frequency in use of codons in a host to be transformed. As
an example, in the case of E. coli (Escherichia coli) as a
host, AGA/AGG/CGG/CGA in arginine (Arg), ATA in iso-
leucine (Ile), CTA in leucine (Leu), GGA in glycine (Gly),
and CCC in proline (Pro) are less frequently used (so-called
rare codons) respectively, and thus these codons may be
avoided in conversion. The frequency in use of codons can
be also analyzed by utilizing public databases (for example,
Codon Usage Database in the homepage of Kazusa DNA
Research Institute, etc.).

When a mutation is introduced into the polynucleotide of
the present embodiment by the method (II), a so-called
error-prone PCR method can also be used as a DNA
amplification method. The reaction conditions in the error-
prone PCR method are not particularly limited as long as a
desired mutation can be introduced into the polynucleotide
encoding human FcyRI. For example, a mutation can be
introduced into the polynucleotide by making uneven con-
centration of four kinds of deoxynucleotide (dATP/dTTP/
dCTP/dGTP) which is a substrate, and adding MnCl, with a
concentration of 0.01 to 10 mM (preferably 0.1 to 1 mM) to
a PCR solution to perform PCR.
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Moreover, the methods for introducing a mutation into the

polynucleotide of the present embodiment also include the
method (III) described below.
(IIT) the method for causing a drug to be a mutagen to
contact and act on the polynucleotide including the whole or
a partial sequence of human FcyRI, or irradiating the poly-
nucleotide with ultraviolet light to introduce a mutation to
the polynucleotide. As the drug to be a mutagen, the muta-
genic drugs which are generally used by a person skilled in
the art may be used, such as hydroxylamine, N-methyl-N'-
nitro-N-nitrosoguanidine, nitrous acid, sulfurous acid, and
hydrazine.

The 5' terminal side of the polynucleotide of the present
embodiment, which is produced by the method (1), (II), or
(III), may have the polynucleotide encoding a signal peptide
added. In the case of E. coli as a host, the signal peptide
includes signal peptides causing the periplasm such as pelB,
DsbA, MalE (SEQ ID NO: 182), and TorT to secrete
proteins (Japanese Patent Application No. 2009-256180).

In the case of transformation of a host using the poly-
nucleotide of the present embodiment, the polynucleotide of
the present embodiment itself may be used, but an expres-
sion vector (for example, a bacteriophage, a cosmid, or a
plasmid which is generally used for transformation of a
prokaryotic cell or an eukaryotic cell, etc.) having the
polynucleotide of the present embodiment inserted at a
suitable position is more preferably used. The expression
vector is not particularly limited as long as it is stable and
can be replicated in a host to be transformed. In the case of
E. coli as a host, examples of the expression vector include
a pET plasmid vector, a pUC plasmid vector, a pTrc plasmid
vector, a pCDF plasmid vector, and a pBBR plasmid vector.
The suitable position means the position at which the region
associated with replication function of the expression vector,
a desired antibiotic marker and transmissibility is not
destroyed. In inserting the polynucleotide of the present
embodiment into the expression vector, the polynucleotide is
preferably inserted into the expression vector with being
linked to a functional polynucleotide such as a promoter
necessary for expression. Examples of the promoter include,
in the case of £. coli as a host, a trp promoter, a tac promoter,
a trc promoter, a lac promoter, a T7 promoter, a recA
promoter, a lpp promoter, as well as a APL, promoter and a
APR promoter of a A phage.

Transformation of a host with the expression vector
produced by the aforementioned method and having the
polynucleotide of the present embodiment inserted may be
carried out by the methods which are generally used by a
person skilled in the art. For example, when microorganisms
belonging to genus Escherichia (E. coli IM 109 strain, BL.21
(DE3) strain, etc.) are selected as a host, transformation may
be carried out by the methods such as described in Non-
Patent Literature 6. The transformants obtained by transfor-
mation with such a method are screened by a suitable
method to obtain a transformant which expresses the Fc
binding protein of the present embodiment having increased
stability to heat, acid, and alkali. From this transformant, the
expression vector having the polynucleotide of the present
embodiment inserted may be prepared using an alkaline
extraction method, or a commercially available extraction
kit such as QIAprep Spin Miniprep kit (produced by QIA-
GEN). The transformant which expresses the Fc binding
protein of the present embodiment can be screened, for
example, by determining the binding activity of antibodies
to the Fc binding protein expressed. The binding activity of
antibodies, for example, to IgG can be determined by ELISA
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or surface plasmon resonance, etc. 1gG used for determining
the binding activity is preferably human IgG, and particu-
larly preferably human IgGl.

The Fe binding protein of the present embodiment can be
manufactured by culturing the host (transformant) which is
transformed with the expression vector containing the poly-
nucleotide of the present embodiment. The method for
manufacturing the Fc binding protein, specifically, includes
culturing the transformant, and recovering the Fc binding
proteins of the present embodiment from the culture. In this
specification, the culture conceptually refers to not only the
cell itself of the cultured transformant but also the medium
used for culturing, etc. Recovery can be carried out by, for
example, extracting the Fc binding protein from the culture.
The transformant used in the method for manufacturing the
Fc binding protein of the present embodiment may be
cultured in a medium suitable for culturing a target host, and,
in the case of E. coli as a host, a LB (Luria-Bertani) medium
supplemented with essential nutrients is included as an
example of a preferable medium. In order to make possible
selective growth of the transformant according to the pres-
ence or absence of introduction of the expression vector
containing the polynucleotide of the present embodiment, it
is preferable that the drug corresponding to a drug resistance
gene included in the expression vector be added to a medium
for culturing. For example, when the expression vector
includes the kanamycin resistant gene, kanamycin may be
added to a medium. To a medium, sources of carbon,
nitrogen, and an inorganic salt as well as suitable nutrients
may be added. The medium, if desired, may include one or
more kinds of reducing agents selected from the group
consisting of glutathione, cysteine, cystamine, thioglycolate,
and dithiothreitol. Furthermore, the reagent, such as glycine,
for enhancing protein secretion of the transformant to a
broth medium may be added and, specifically, it is preferable
that glycine be added at 2% (w/v) or less to a medium in the
case of E. coli as a host.

The incubation temperature, in the case of . coli as a
host, is generally 10° C. to 40° C., preferably 25° C. to 35°
C., and more preferably around 30° C., but may be selected
according to characteristics of the Fc binding protein to be
expressed. The pH of a medium, in the case of E. coli as a
host, is pH 6.8 to pH 7.4, and preferably around pH 7.0.

When an inducible promoter is included in the expression
vector containing the polynucleotide of the present embodi-
ment, it may be induced under the conditions such that the
polypeptide containing the Fc binding protein of the present
embodiment can be favorably expressed. Exemplary induc-
ers include IPTG (isopropyl-p-D-thiogalactopyranoside). In
the case of E. coli as a host, the turbidity (the absorbance at
600 nm) of a broth medium is determined and, when it is
from about 0.5 to 1.0, an adequate amount of IPTG is added
to the broth medium, and subsequent culture can induce
expression of the Fc binding protein of the present embodi-
ment. The concentration of IPTG added may be properly
selected from the range of 0.005 mM to 1.0 mM, preferably
in the range of 0.01 mM to 0.5 mM. Various conditions
about IPTG induction may be in accordance with the con-
ditions which are well-known in the art.

In order to extract the Fc binding protein from the broth
medium of the transformant of the present embodiment, an
extraction method may be properly selected according to the
form of expression. When the Fc binding protein is
expressed in a culture supernatant, bacterial cells may be
separated by centrifugation to extract the Fc binding protein
from the obtained culture supernatant. On the other hand,
when the Fc binding protein is intracellularly expressed
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(including a periplasm in a procaryote), bacterial cells may
be collected by centrifugation and then lysed by adding an
enzyme treatment agent or a surfactant, etc. to extract the Fc
binding protein.

Isolation and purification of the Fc binding protein from
the extracted protein may be carried out using well-known
methods in the art. Examples thereof include isolation and
purification using liquid chromatography. Examples of lig-
uid chromatography include ion exchange chromatography,
hydrophobic interaction chromatography, gel filtration chro-
matography, and affinity chromatography. Purification pro-
cedure in combination with these chromatographies allows
high purity of the Fc binding protein of the present embodi-
ment to be prepared.

The Fc binding protein of the present embodiment is, for
example, useful as a ligand for affinity chromatography to
isolate and purify the protein containing an Fc binding
protein binding site. In application of the Fc binding protein
of the present embodiment to the aforementioned chroma-
tography, for example, it can be used in the mode of an
adsorbent with the Fc binding protein of the present embodi-
ment immobilized to the solid phase, which adsorbs the
protein containing an Fc binding protein binding site (here-
inafter, simply referred to as the adsorbent of the present
embodiment).

Exemplary solid phases to which the Fc binding protein of
the present embodiment is immobilized include substances
containing hydrophilic vinyl polymer, silica, glass, Sephar-
ose (registered trademark), agarose, cellulose, hydroxyapa-
tite, and polystyrene. The form of the solid phase is prefer-
ably the form with pores controlled or the form of a
membrane in terms of higher resolution. To immobilize the
Fc binding protein of the present embodiment to the solid
phase, for example, an active group, such as an epoxy group,
a formyl group, an amino group, and a carboxyl group may
be introduced into the surface of the solid phase, and
subsequently the amino acid residue on the surface of the Fc
binding protein of the present embodiment may be cova-
lently bonded to the active group introduced into the surface
of the solid phase.

Examples of the protein containing an Fc binding protein
binding site to be isolated and purified using the adsorbent
of the present embodiment (hereinafter, referred to as the
target protein) include the protein containing the constant
region of IgG. Specific examples thereof include IgG, and a
fused protein of the Fe binding protein binding site of IgG
with another protein. The constant region of IgG, as used
here, may include, for example, a hinge, or CH2 and CH3
domains which are produced from IgG by protease treatment
such as papain. Examples of the target protein to be isolated
and purified using the adsorbent of the present embodiment
include human IgG, humanized IgG, mouse IgG, rat IgG,
rabbit IgG, and camel IgG. Particularly, human IgG or
humanized IgG is preferred. Examples of human IgGs to be
isolated and purified using the adsorbent of the present
embodiment include human IgGl, human IgG2, human
1gG3, and human IgG4. Other examples of the target protein
to be isolated and purified using the adsorbent of the present
embodiment include a monoclonal IgG antibody, a poly-
clonal IgG antibody, and an IgG fragment.

The method for isolating and purifying the target protein
such as an antibody using the adsorbent of the present
embodiment comprises, for example, the steps (1) and (2)
described below:

(1) causing the target protein to be adsorbed to the adsorbent,
by adding a solution containing the target protein to the
adsorbent for the protein containing the Fc binding protein
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binding site, the adsorbent obtained by immobilizing the Fc
binding protein of the present embodiment to the solid
phase.

(2) eluting the target protein adsorbed to the adsorbent with
a suitable eluate.

The target protein, such as an antibody, to be isolated and
purified using the adsorbent of the present embodiment can
be expressed and produced in animal cells such as CHO cells
(Chinese hamster ovary cells), insect cells, bacteria such as
E. coli and Bacillus genus bacteria, yeasts such as baker’s
yeast (Saccharomyces cerevisiae) and pombe yeast (Schi-
zosaccharomyces pombe), or filamentous fungi such as
Aspergillus, using genetic modification technology, for
example. When the target protein is produced in the form
with a carbohydrate chain required on the surface thereof,
animal cells, insect cells, yeasts, and filamentous fungi,
which are eukaryotic cells, may be selected, and CHO cells
are more preferably used. Examples of the solution contain-
ing the target protein to be isolated and purified using the
adsorbent of the present embodiment include broth medium
of'a host (such as animal cells, insect cells, bacteria, yeasts,
filamentous fungi) capable of expressing the target protein,
a solution of crushed plant capable of expressing the target
protein, and milk of an animal such as cow. With respect to
broth medium among these examples, a host capable of
expressing the target protein may be contained or the host
may be removed by a suitable pretreatment. Exemplary
suitable pretreatments as used here may include centrifuga-
tion, microfiltration membrane and ultrafiltration membrane,
and methods well-known to a person skilled in the art in may
be adopted.

Examples of the step of causing the target protein to be
adsorbed to the adsorbent of the present embodiment include
a step of adding the solution containing the target protein
directly or with adjusted pH using a liquid delivery system
suitable for the column for isolation and purification using
the adsorbent of the present embodiment, thereby attaining
adsorption of the target protein. The column for isolation and
purification can be produced by, for example, filling an
empty column of suitable volume with the adsorbent of the
present embodiment. For the liquid delivery system, for
example, a high-pressure pump and a peristaltic pump which
are used in liquid chromatography can be used. When the pH
of the solution containing the target protein is adjusted, as
long asunder the conditions that do not cause denatured
target protein, pH to be adjusted is not particularly limited
and may be neutral, acidic, or alkaline. In addition, in the
case of normal target protein, pH is adjusted preferably in
the range of pH 3 to pH 10, and particularly preferably in the
range of pH 4 to pH 8.

When the target protein adsorbed to the adsorbent of the
present embodiment is eluted, after the adsorption step, the
target protein may be eluted immediately, but preferably
eluted after a washing step for removing contaminating
proteins using a suitable washing liquid before the elution
step. The washing liquid may be any buffer solution having
adjusted pH of the conditions under which the target protein
is not eluted. Examples of components of the buffer solution
used as the washing liquid include acetic acid, citric acid,
histidine, phosphoric acid, boric acid, ammonium salts (for
example, ammonium acetate and ammonium succinate),
MES (2-Morpholinoethanesulfonic acid monohydrate),
MOPS (3-Morpholinopropanesulfonic acid), HEPES (2-[4-
(2-Hydroxyethyl)-1-piperazinyl]ethanesulfonic acid), Tris
(Tris(hydroxymethyl)Jaminomethane), and combinations
thereof. The pH of the buffer solution used as the washing
liquid changes depending on the target protein, but generally
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it is preferably in the range of pH 3 to pH 10, and particularly
preferably in the range of pH 4 to pH 8. In addition, the
buffer solution used as the washing liquid, if necessary, may
contain an additive, including, for example, salts such as
sodium chloride, sodium sulfate, and potassium chloride for
adjusting ionic strength of the buffer solution, amino acids
such as glycine, histidine, and arginine, chaotropic agents
such as urea, alcohols such as ethanol, mannitol, glycerol,
and benzyl alcohol, carbohydrates such as sucrose, maltose,
trehalose, and fructose.

In the step of eluting the target protein adsorbed to the
adsorbent of the present embodiment, the target protein is
dissociated from the adsorbent with a suitable eluate and
recovered in a suitable container. The eluate may be any
buffer solution having adjusted pH of the conditions under
which the target protein is eluted and not denatured. The pH
of the buffer solution used as the eluate changes depending
on the target protein, but generally it is preferably in the
range of pH 2 to pH 11, particularly preferably in the range
of pH 2.5 to pH 6. When the adsorbent of the present
embodiment is the adsorbent obtained by immobilizing to
the solid phase the Fc binding protein including the amino
acid sequence described in any one of SEQ ID NOs: 114,
118, 130, 134, 148, 154, 164, 170, 174, and 176, the pH of
the buffer solution used as the eluate is in the range of pH
3.0 to pH 4.5. In addition, the buffer solution used as the
eluate, if necessary, may contain an additive, including, for
example, surfactants, salts, and carbohydrates for stabilizing
the target protein.

The target protein isolated and purified using the adsor-
bent of the present embodiment can also be further highly
purified by column chromatography. Exemplary chromatog-
raphies to be used include ion exchange chromatography,
hydrophobic interaction chromatography, gel filtration chro-
matography, and hydroxyapatite chromatography.

EXAMPLES

Although the following provides a detailed explanation of
the present invention with reference to Examples, the pres-
ent invention is not limited to these Examples.

Example 1

Cloning of Polynucleotide Encoding Human Fc
Receptor FcyRI

(1) An amino acid sequence of a human Fc receptor FcyRI
described in SEQ ID NO: 1 in an extracellular region, a cell
transmembrane region, and an intracellular region (region at
positions 16 to 374) was converted using an E. coli codon
into a nucleotide sequence.

(2) Based on the nucleotide sequence, 52 types of oligo-
nucleotides were synthesized to produce a polynucleotide
encoding the human FcyRI. The synthesized oligonucle-
otides are shown in SEQ ID NOs: 10 to 61.

(3) Two-step PCR described below was carried out to
produce a full-length polynucleotide encoding the human
FeyRI from the oligonucleotide synthesized in (2).

(3-1) A first PCR was carried out by heating for 5 minutes
at 94° C., carrying out 25 cycles consisting of 30 seconds at
94° C. in the first step, 30 seconds at 62° C. in the second
step, and 1 minute at 72° C. in the third step, and finally
heating for 7 minutes at 72° C. using a reaction solution
shown in Table 1.
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TABLE 1
Composition Volume
10 x Pyrobest buffer(Takara Bio) 5 uL
2.5 mM dNTPs 5 uL
DNA mixture 1 pL
5 U/uL. Pyrobest (Takara Bio) 0.5 uL
H,0 385 uL

A DNA mixture described in Table 1 represents a solution
obtained by weighting each of 52 types of 50 pmol/ul.
synthesized oligonucleotides in the same amount and mix-
ing them.

(3-2) A second PCR was carried out by heating for 5
minutes at 94° C., carrying out 25 cycles consisting of 30
seconds at 94° C. in the first step, 30 seconds at 65° C. in the
second step, and 1 minute at 72° C. in the third step, and
finally heating for 7 minutes at 72° C. using a reaction
solution shown in Table 2.

TABLE 2

Composition Volume

10 x Pyrobest buffer (Takara Bio) 5 uL
2.5 mM dNTPs 5 uL
10 pmol/uL Oligonucleotide of SEQ ID NO: 61 2 pL
10 pmol/uL Oligonucleotide of SEQ ID NO: 10 2 pL
PCR reaction solution in first step 1 pL
Pyrobest (Takara Bio) 0.5 uL
H,0 345 uL

Among a composition shown in Table 2, a polynucleotide
in the first PCR solution was used as a template. Further, an
oligonucleotide having a sequence shown in SEQ ID NO: 10
(8-ATGTGGTTTCTGACCACGCTGTTGCTGTGGGT-
GCCGGT-3") and an oligonucleotide having a sequence
shown in SEQ ID NO: 61 (5-GGTCGCGCCCTGCG-
GCTCCTTACGATGCAC-3") were used as PCR primers.
After completion of the reaction, a product was subjected to
0.9% agarose gel electrophoresis, and DNA band with a
designed size (about 1.1 kbp) was confirmed.

(4) The DNA band was extracted (by QIAquick Gel
extraction kit, QIAGEN), the 5'-terminal of the extracted
DNA was phosphorylated (by TaKaRa BKL Kit, Takara
Bio), and the DNA was inserted in a pUC19 plasmid vector
digested with a restriction enzyme Smal.

(5) E. coli strain JM109 (TakaraBio) was transformed
with the plasmid vector prepared in (4).

(6) A plasmid was extracted from the transformant in
accordance with ordinary methods (by QIAprep Spin Mini-
prep kit, QIAGEN) to obtain a plasmid pUCFcR. The
outline of a structure is shown in FIG. 2.

Example 2

Production of Expression Vector of Fc Binding
Protein

A system using MalE signal peptide (amino acid
sequence; MKIKTGARILALSALTTMMFSASALA, SEQ
ID NO: 182) was constructed to express an Fc binding
protein in E. coli. The outline of a production process is
shown in FIG. 3.

(1) Oligonucleotides shown below were ligated by the
PCR method in order to produce a polynucleotide encoding
the MalE signal peptide.
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An oligonucleotide having a sequence shown in SEQ ID
NO: 62 (5-TATA[CATATG]AAAATAAAAACAGGTG-
CACGCATCC-3"; bases in square brackets represent a
restriction enzyme Ndel site)

An oligonucleotide having a sequence shown in SEQ ID
NO: 63 (5-GCATTAACGACGATGATGTTTTCCGC-
CTCGGCTCTCGCC-3")

An oligonucleotide having a sequence shown in SEQ ID
NO: 64 (5-ATCGTCGTTAATGCGGATAATGCGAGGAT-
GCGTGCACCTG-3")

An oligonucleotide having a sequence shown in SEQ ID
NO: 65 (5-TTGTC[CCATGG]CTTCTTCGATTTTGGC-
GAGAGCCG-3"; bases in square brackets represent a
restriction enzyme Ncol site)

A PCR was carried out for 5 cycles consisting of 10
seconds at 98° C. in the first step, 5 seconds at 55° C. in the
second step, and 1 minute at 72° C. in the third step using
a reaction solution shown in Table 3.

TABLE 3

Composition Concentration/Volume

Oligonucleotides Each 2.5 mM
2.5 U/uL. PrimeSTAR HS (Takara Bio) 0.5 uL
5 x PrimeSTAR buffer (Takara Bio) 10 pL
2.5 mM dNTPs 4 pL
H,O up to 50 pL

(2) The PCR was carried out using the PCR product
obtained in (1) as a template to produce a polynucleotide
encoding the MalE signal peptide. In the PCR, the oligo-
nucleotide including the sequence shown in SEQ ID NO: 62
and the oligonucleotide including the sequence shown in
SEQ ID NO: 65 were used as PCR primers. Further, the PCR
was carried out for 30 cycles consisting of 10 seconds at 98°
C. in the first step, 5 seconds at 55° C. in the second step, and
1 minute at 72° C. in the third step using a reaction solution
shown in Table 4.

TABLE 4

Composition Volume

Template DNA Proper quantity

10 pmol/uL. PCR Primers Each 2 puL
2.5 U/uL. PrimeSTAR HS (Takara Bio) 0.5 uL
5 x PrimeSTAR buffer (Takara Bio) 10 pL
dNTPS 4 pL
H,O up to 50 puL

(3) The polynucleotide encoding the MalE signal peptide
produced in (2) was digested with restriction enzymes Ndel
and Ncol. This product was ligated into pET26b(+) plasmid
vector (Novagen) digested with the restriction enzymes
Ndel and Ncol, and E. coli strain BL.21 (DE3) was trans-
formed by a heat-shock method.

(4) The obtained transformant was cultured in LB
medium containing 50 pg/ml. of kanamycin. Subsequently,
plasmid DNA was extracted from the cultured transformant
to prepare a plasmid pETMalE. The outline of a structure is
shown in FIG. 4.

(5) A polynucleotide encoding a polypeptide containing
an Fc binding protein was produced by the PCR using
pUCFcR (FIG. 2) produced in Example 1 as a template. In
the PCR reaction, oligonucleotides described below were
each used as a PCR primer.

An oligonucleotide having a sequence shown in SEQ ID
NO: 66 (5-TCAG[CCATGG]GACAAGTAGATACCAC-
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CAAAGCTGTGATTA-3"; bases in square brackets repre-
sent a restriction enzyme Ncol site)

An oligonucleotide having a sequence shown in SEQ ID
NO: 67 (5-CC[AAGCTT]AATGATGATGATGATGATG-
GACCGGGGTCGGCAGTTGAAGACCCAG-3'; bases in
square brackets represent a restriction enzyme HindlII site)

Further, the PCR was carried out for 30 cycles consisting
of 10 seconds at 98° C. in the first step, 5 seconds at 55° C.
in the second step, and 1 minute at 72° C. in the third step
using the reaction solution composition shown in Table 4.

(6) The polynucleotide obtained in (5) was digested with
the restriction enzymes Ncol and HindI1II and ligated into the
plasmid pETMalE (FIG. 4) which had been digested with
the restriction enzymes Ncol and HindIII and produced in
Example 2, and E. coli strain BL21 (DE3) was transformed
by the heat-shock method.

(7) The obtained transformant was cultured in LB
medium containing 50 pg/ml. of kanamycin. Plasmid DNA
was extracted from cultured bacteria cells (transformant), to
prepare a plasmid pETFcR in which a polynucleotide encod-
ing an Fc binding protein was inserted. The outline of a
structure thereof is shown in FIG. 5.

Example 3
Analysis of Nucleotide Sequence

The sequences of the polynucleotides inserted in pUCFcR
(FIG. 2) produced in Example 1 and pETFcR (FIG. 5)
produced in Example 2 were subjected to a cycle sequencing
reaction using a Big Dye Terminator Cycle Sequencing FS
read Reaction kit (PE Applied Biosystems) on the basis of a
chain termination method, and analyzed using a fully auto-
mated DNA sequencer ABI Prism 3700 DNA analyzer (PE
Applied Biosystems). Further, an oligonucleotide having a
sequence shown in SEQ ID NO: 68 (5'-TAATACGACT-
CACTATAGGG-3") and an oligonucleotide having a
sequence shown in SEQ ID NO: 69 (5'-TATGCTAGTTAT-
TGCTCAG-3") were used as primers for sequencing.

From results of the analysis, the sequences of the poly-
nucleotides inserted in pUCFcR and pETFcR were con-
firmed to be as designed. The sequence of the polynucleotide
inserted in pUCFcR is shown in SEQ ID NO: 70, and an
amino acid sequence of an Fc binding protein translated
from the polynucleotide is shown in SEQ ID NO: 71.
Further, the sequence of the polynucleotide inserted in
pETFcR is shown in SEQ ID NO: 72, and an amino acid
sequence of an Fc binding protein translated from the
polynucleotide is shown in SEQ ID NO: 73.

Example 4

Preparation of Fc Binding Protein and
Measurement of Antibody Binding Activity

(1) E. coli strain BL.21 (DE3) transformed with pETFcR
(FIG. 5) was cultured in LB medium containing 50 ng/ml.
of kanamycin (at 37° C. for 18 hours). And then the culture
broth was inoculated into a fresh LB medium containing
prepared 50 pg/ml of kanamycin.

(2) When the turbidity (Optical Density at 600 nm) of the
culture broth reached 0.5, the culture temperature was
changed into 20° C. and the culture broth was cultured for
30 minutes. Thereafter, IPTG was added to the culture broth
so as to have a concentration of 0.01 mM and was cultured
(at 20° C. for 18 hours).
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(3) After completion of the culturing, bacterial cells were
recovered by centrifugal separation, and a protein was
prepared from the cells using a BugBuster Protein extraction
kit (Takara Bio).

(4) The antibody binding activity of the prepared protein
was evaluated by an ELISA method described below.

(4-1) A y-globulin formulation (KAKETSUKEN) that
was a human antibody was immobilized in wells of a
96-well microplate (at 4° C. for 18 hours) in a concentration
of 1 pg/well. After completion of the immobilization, the
well was blocked with Starting Block Blocking Buffers
(PIERCE).

(4-2) The well was washed with a wash buffer (10 mM
Tris-HCI buffer (pH 8.0) containing 0.2% (w/v) Tween 20
and 150 mM NaCl), and a prepared protein extract was
appropriately diluted with 50 mM Tris-HCI buffer (pH 8.0)
and reacted with the immobilized y-globulin (at 30° C. for 2
hours).

(4-3) After completion of the reaction, the resultant was
washed with the wash buffer again, and a Horse radish
Peroxidase (HRP) labeled anti-His-Tag antibody reagent
(BETHYL) was added.

(4-4) After a reaction at 30° C. for 2 hours, the resultant
was washed with the wash buffer, and TMB Peroxidase
Substrate (KPL) was added thereto. The absorbance at 450
nm of the mixture was measured.

The measurement results are shown in FIG. 6. In FIG. 6,
an x axis (horizontal axis) represents the dilution rate of a
sample and a y axis (vertical axis) represents absorbance at
450 nm (unit is optional). The antibody binding activity can
be confirmed on the basis of the absorbance. As shown in
FIG. 6, as the concentration of a soluble protein extract
obtained from the transformant is increased (the dilution rate
is decreased), the absorbance is increased. Namely, the
transformant obtained by transforming E. coli by pETFcR
(FIG. 5) that is a recombinant plasmid can be confirmed to
express an Fc binding protein.

Example 5

Mutation Introduction into Fc Binding Protein and
Production of Library

(1) A mutation was randomly introduced into a polynucle-
otide site encoding the Fc binding protein by the error-prone
PCR. A reaction solution composition in the error-prone
PCR is shown in the Table 5.

TABLE 5

Composition Concentration

Template DNA (pETFcR) 0.05 ng/uL
PCR primer (SEQ ID NO: 66) 04 uM
PCR primer (SEQ ID NO: 67) 04 uM
MnCl, 04 mM
dATP 0.2 mM
dGTP 0.2 mM
dCTP 1 mM
dTTP 1 mM
Buffer (Adjust MnCl, to 5 mM) x1
GoTaq polymerase (Promega K.K.) 0.05 U/uL
H,O up to 50 pL

A PCR was carried out by heating for 2 minutes at 95° C.,
carrying out 30 cycles consisting of 30 seconds at 95° C. in
the first step, 30 seconds at 60° C. in the second step, and 90
seconds at 72° C. in the third step, and finally heating for 7
minutes at 72° C. The mutation was introduced well into the
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polynucleotide encoding the Fc binding protein by the
error-prone PCR, and the average mutation introduction rate
was 0.14%.

(2) The PCR product obtained in (1) was purified,
digested with the restriction enzymes Ncol and HindIII, and
inserted in pETMalE (FIG. 4), which had been digested with
the same restriction enzymes and produced in Example 2, by
a ligation reaction.

(3) After completion of the reaction, a reaction solution
was introduced into the cells of E. coli strain IM109 by an
electroporation method. The cells were cultured on LB agar
plates containing 50 pg/ml. of kanamycin (at 37° C. for 18
hours).

After the culturing, about 50,000 colonies were formed on
the plates. Plasmid DNA was extracted from mixed colonies
obtained by mixing the colonies to obtain a plasmid library.

Example 6

Screening of Fc¢ Binding Protein with Improved
Stability

(1) E. coli strain BL21 (DE3) was transformed using the
plasmid library produced in Example 5.

(2) The transformant obtained in (1) was inoculated into
200 pL of 2YT broth medium (16 g/L. Tryptone, 10 g/ Yeast
extract, and 5 g/I. NaCl) containing 50 pg/mL of kanamycin,
and was shake-cultured using a 96-deep well plate at 30° C.
overnight.

(3) After the culturing, 50 plL of culture broth was
subcultured into 500 pl. of 2YT broth medium (containing
0.05 mM IPTG, 0.3% glycine, and 50 ug/ml. of kanamycin),
and was shake-cultured using a 96-deep well plate at 20° C.
overnight.

(4) After the culturing, a culture supernatant obtained by
centrifugation was diluted with 50 mM Tris-HCI buffer (pH
8.0) five times, and the antibody binding activity was
measured by the ELISA method described in Example 4(4).
The culture supernatant was heated for 10 minutes at 43° C.,
and the antibody binding activity was measured by the
ELISA method in the same manner. About 2,500 transfor-
mants were evaluated. A transformant expressing an Fc
binding protein having improved thermal stability in com-
parison with the Fc binding protein expressed in the trans-
formant by pETFcR was obtained.

(5) A plasmid was prepared from a transformant express-
ing an Fc binding protein with improved thermal stability or
increased expression amount. The sequence of a polynucle-
otide region encoding an Fc binding protein inserted in the
obtained plasmid was analyzed to identify mutation sites of
the amino acid.

From results of analysis of nucleotide sequence, sites of
amino acid substitution in the Fc binding protein with
improved thermal stability or increased expression amount
are as follows.

Specifically, in the amino acid sequence described in SEQ
ID NO: 1, substitution shown as Thr20Pro, Thr25Lys,
Thr38Ala, Thr38Ser, Leud6Arg, Leud6Pro, Ala62Val,
Thr631le, Ser69Phe, Ser69Thr, Arg71His, Val77Ala,
Val77Glu, Asn78Asp, Asp94Glu, Ile100Val, Ser110Asn,
Phell4Leu, His125Arg, Leul31Arg, Leul31Pro,
Trp149Leu, Leul56Pro, Ille160Met, Asn163Ser, Asnl195Thr,
Thr199Ser, Asn206Lys, Asn2068Ser, Asn206Thr,
Leu207Pro, Leu218Val, Asn240Asp, Leu248Ser,
Leu283His, or Leu285GIn was caused. The residual rate
(remaining activity) of antibody binding activity after heat-
ing and results of analysis of the amino acid substitutions are
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shown in Table 6. Table 6 reveals that when an Fc binding
protein is subjected to amino acid substitution (mutation),
the Fc binding protein has improved thermal stability.

TABLE 6
Amino acid Remaining
substitution Activity (%)
Thr20Pro 38.5
Thr25Lys 58.5
Thr38Ala 51.8
Thr38Ser 49.5
Leud6Arg 255
Leud6Pro 73.4
Ala62Val 40.1
Thr631Ile 40.4
Ser69Phe 38.7
Ser69Thr 66.7
Arg71His 58.1
Val77Ala 40.8
Val77Glu 45.1
Asn78Asp 49.3
Asp94Glu 36.6
Ile100Val 65.3
Ser110Asn 44.0
Phell4Leu 